Abstract:
INTRODUCTION
The ability of T. evansi to induce a severe surra in different hosts depends mainly on a number of factors, including the virulence of an individual strain, host susceptibility and local epizootiological conditions. Horses, dogs and camels are reported to be the most susceptible hosts of T. evansi infection, developing an acute disease characterized by anaemia and high mortality if treatment is not administered [1] . The course of the disease in the horse is characterized either by acute phase for a short duration of two weeks or a chronic phase extending up to four months. In the acute stage, after incubation of one or two weeks, animals developed fever, anaemia, weakness and lethargy with high parasitaemia in circulating blood [2] . A recent experimental study from India indicated that ponies succumbed to T. evansi infection with death and neurological symptoms [3] . Anaemia is the most common feature of the infection in ponies while white blood cells (WBCs) have not shown a definite trend. On the other hand, lower surra outbreak occurrences in animals accompanied with a lesser disease severity in Southeast Asian countries may indicate a form of enzootic stability achieved by some susceptible animals [4] . In addition, Horse as reservoir hosts was highlighted in Brazil [5] . The study found an absence of neurological symptoms with a high prevalence rate accompanied by low parasitaemia detected only by PCR in ponies during field surveys. An experimental infection of T. evansi in ponies in Brazil conducted by Marques et al. [6] indicated an expression of neurological symptoms on 50% of the animals on the 77 th DPI with one case of death on 66 th DPI, an indication of chronic stage of the disease. In Malaysia, the dynamics of T. evansi infection has been studied in naturally infected local ponies [7, 8] . The results obtained from the two studies reported similar clinical signs and death as observed in other studies in different parts of the world [9, 10] . Recently, a cross-sectional study aimed to determine the prevalence of T. evansi in Malaysian ponies indicated a relatively low seroprevalence of 13.90% (73/527, CI: 11.2-17.1%) [11] and a parasitological prevalence of 1.14% (6/527, CI: 2.4-0.52%) using PCR [12] . Thus, we hypothesized that the Malaysian ponies may either develop a tolerance or severe illness against T. evansi infection. Therefore, in the present study, the dynamics of T. evansi infection was investigated in experimentally infected Malaysian ponies with emphasis on clinical signs, parasitaemia trend and haematological parameters.
MATERIALS AND METHODS

Experimental Animals
Six healthy female local ponies, aged between three to seven years were obtained from the Equine Unit, University Putra Malaysia, the location was assumed historically free of T. evansi infection by University Veterinary Hospital. The ponies were initially tested with haematocrit centrifugation technique (HCT), Giemsa-stained thin blood smear, CATT/T. evansi and PCR to ascertain that they were free of T. evansi and other blood protozoa. The ponies were kept in a fly-proof isolation unit during the experimental period of 54 days. Before the start of the experiment, the ponies were conditioned for one month at the unit and dewormed with benzimidazole, food and water were provided ad libitum.
T. evansi Isolate and Experimental Design
A T. evansi strain isolated from a local pony [12] was propagated through two passages, in two mice per passage. When the level of parasitaemia was high (exceeding 10 6 trypanosomes/ml), the mice were euthanized and cardiac blood was used. The ponies were allocated randomly into two groups based on their body weight. Four of them were received approximately 10 2 live trypanosomes/kg body weight suspended in 1 ml phosphate buffer saline glucose (PBSG) via the jugular vein. The remaining two animals served as negative control and received a placebo of 1 ml of PBSG without the parasite. Physical examination comprised visible mucous membrane and appearances of clinical signs were observed daily, while body weight was estimated weekly. Blood samples from the jugular vein and rectal temperature were collected on alternate days from both the groups for 54 days; 4 days before infection, 30 DPI and 20 days post-treatment (DPT). Blood samples for haematology and parasitological techniques were collected into vacutainer tubes containing EDTA.
Detection of Trypanosomes, Enumeration and Haematology Variables
The HCT was applied to detect the presence of Trypanosoma evansi in the blood of the experimental animals as described by Woo [13] . The number of trypanosomes was estimated using the Neubauer haemocytometer method by counting the four large corner squares under objective x400. When the parasitaemia was low and could not be counted by the haemocytometer, another method was employed as described by Wernery et al. [14] . No other diagnostic techniques were applied.
Complete haemogram was performed immediately upon blood collection. The parameters include total RBC, total WBC, platelet counts and Hb concentration, which were measured using an automated blood cell counter (Abbott Cell Dyn 3700, USA). Packed cell volume (PCV) was measured using a manual haematocrit reader. The differential leukocyte counts were obtained from smears stained with Wright stain (Sigma Chemical Company, USA). The mean corpuscular haemoglobin concentration (MCHC) and mean corpuscular volume (MCV) were also calculated.
Animal Treatment and Follow-up
All infected ponies were salvaged treated with 7 mg/kg of diminazene diaceturate (Diminasan ® , Holland) intramuscular injection on the 31 st DPI with booster doses to enhance permanent cure [15, 16] . Sampling was continued with the same regime of alternate days for another 20 DPT after the first dose. Survived ponies were monitored on a weekly basis for six months to warrant the clearance of the infection.
Data Analysis
The normal range of values for haematology of ponies was obtained from Pritchard et al. [17] . The graph drawings and statistical tests were performed using JMP version 9.0 (SAS Institute Inc. USA) with an absolute precision of ± 5% for a 95% confidence interval. The continuous data obtained from haematological observations between infected and control groups during the infection period (30 days) were evaluated using the general linear model. Haematological parameters such as thrombocyte, MCV, MCHC, neutrophil, monocyte and eosinophil count were transformed using a bootstrap method to fit the assumption of normality. The mean values (intercept) of the parameters for each group were reported as least square means ± standard error, whereas the regression coefficient for dummy variable was reported as β.
RESULTS
Parasitaemia and Pyrexia
All four infected ponies developed parasitaemia on the 4 th DPI (2.5x10 4 trypanosomes/ml blood) as detected by HCT, whereas the first high mean parasites count/ml was recorded on the 8 th DPI (22.5x10 6 trypanosomes/ml blood). Parasitaemia was detected at a level that fluctuated throughout the infection period (30 days) in all infected ponies with a mean of 13.5x10 6 trypanosomes/ml blood on the 30 th DPI. No parasites were detected by HCT on the second day after treatment (32 nd DPI) and throughout the observation period in the infected ponies. The mean rectal body temperature rose concurrently with the parasitaemia and observed firstly on the 4 th DPI (38.9°C). Successive peaks of pyrexia were aligned to the peaks of parasitaemia and the highest temperature (39.4°C) was observed on the 20 th DPI (Fig. 1) . The control group did not show parasitaemia or pyrexia during the study period.
Clinical Observation
The morbidity rate observed in the infected group during the infection period was 100% (4/4), whereas the mortality rate was 25% (1/4), the infected ponies showed a mean weight loss of 7% over the infection period. Pale mucous membrane of the eyes and vagina were noticed between the 14 th and 18 th DPI. Excessive weakness and a reduction of appetite fluctuated in the infected ponies during the infection which did not correspond to the pyrexia and parasitaemia. One animal died on the 23 rd DPI, the parasite count/ml and PCV were 44x10 6 and 14% respectively, on the day before death.
Haematological Observations
The mean values for RBC count, PCV and Hb concentration were significantly lower in the infected than the control groups (β = -1.57, t = 11.80, p < 0.05; β = -4.15, t = 10.34, p < 0.05; β = -19.58, t = 55.02, p < 0.05, respectively) firstly, on the 16th DPI (Fig. 2) . The mean values of thrombocyte count in the infected ponies (113.06 ± 1.42 x10 9 cells/L) was significantly (β = -72.83, t = 59.06, p < 0.05) lower than the control group (258.73 ± 2.01 x10 9 cells/L). The mean MCV significantly increased in the infected group compared to the non-infected group (β = 3.33, t = 47.22, p < 0.05) while, a significant decrease was observed in the mean MCHC values in the infected group compared to the control group in (β = -11.71, t = 18.02, p < 0.05). However, both values of MCV and MCHC in the infected group were within the normal values, and hence the anaemia observed was classified as normocytic normochromic anaemia (Fig. 2) .
Total WBC counts were not statistically significant between infected and control ponies (β = -0.49, t = 1.89, p > 0.05). Neutrophil rapidly declined after the onset of parasitaemia and it was significantly lower in the infected group (4 ± 0.03 x10 9 /L) than the control group (5.40 ± 0.05 x10 9 /L) (β = -0.7, t = 23.6, p < 0.05). Monocyte mean value increased significantly (β = 0.35, t = 33.99, p < 0.05) after successive peaks of parasitaemia in the infected group (1.17 ± 0.01 x10 9 /L) compared to the control group (0.48 ± 0.02 x10 9 /L), whereas eosinophil declined (β = -0.06, t = 29, p < 0.05) (Fig. 3) . There was no significant difference in mean lymphocyte counts (β = -0.16, t = 1.33, p > 0.05) and mean basophil counts (β = 0.003, t = 0.56, p > 0.05) between infected and non-infected ponies (Fig. 3) . Fig. (1) . Mean parasitaemia and pyrexia observed during the course of T. evansi infection in four local ponies. Normal rectal temperature is 36.6 -38.6°C.
DISCUSSION AND CONCLUSION
Clinical and Haematological measurements involved in trypanosomosis infection studies aid in determining the health status of animals under investigation [18] . T. evansi infections in different experimental and natural infection studies in horses range from mild to severe. The majority of the infection was characterized by high mortality if the animal is not treated or even after treatment [7, 6] . T. evansi was first detected on the 4 th DPI in the four infected ponies, followed by waves of successive peaks of parasitaemia throughout the infection period of 30 days. The undulating parasitaemia developed in order to protect the parasites from the host immune system by changing the surface coat, once the previous one is attacked by the host defence mechanism [19] . According to Wernery et al. [14] , horses experimentally infected with approximately 3x10 6 T. evansi showed parasites in blood on the 1 st and 3 rd DPI, whereas
Marques et al. [6] reported it on the 4 th DPI with 1x10 6 T. evansi. Therefore, the detection of the parasites on 4 th DPI in the current study may be due to the low dosage of parasite used to initiate the infection. Rectal body temperature trend paralleled the parasitaemia and fluctuated during the infection, and this finding is in agreement with a previous observation [9] . However, after treatment, the pyrexia declined to the values of the control group and the pre-infection period as an indication of removal of the causative agent. In this study, diminazene diaceturate seems to effectively eliminate T. evansi at the recommended dose of 3.5 mg/kg on the 31 st DPI with booster doses after the 7 th DPT. There was no circulating or relapse of parasitaemia detected 24 hours after the 1 st treatment which is consistent with the earlier report by Tuntasuvan et al. [16] . The clinical signs observed in this study comprised body weight loss, pale mucous membrane, excessive weakness and reduction of appetite which was not related to the parasitaemia and pyrexia. Similar findings were reported in both experimentally [14] and naturally infected horses [7] . According to Wernery et al. [14] the weight of horses experimentally infected with T. evansi was reduced by 10-15% over a period of eight to nine months. Therefore, the relatively low body weight loss of 7% in the local ponies during our study may probably be associated with short duration of infection. Marques et al. [6] indicated that the inoculation of 1x10 6 trypomastigote per horse isolated from a dog in Brazil induced an infection for 77 days with death occurring in one horse on the 66 th DPI and 50% of the horses expressed neurological symptoms on the 77 th DPI. It seems possible that the severity of the disease with the short duration of T. evansi infection in our study is either due to the highly virulent T. evansi strain existing in the country or local ponies are highly susceptible to T. evansi infection, since Ikede et al. [8] observed high mortality in naturally infected horses with T. evansi in Peninsular Malaysia.
T. evansi is known to disseminate to the CNS in infected horses as the parasites have been isolated from the CSF [10] . The absence of nervous signs in our study was probably due to the short duration of the infection as speculated by Hörchner et al. [9] . They concluded that behavioural changes in the horses experimentally infected with T. evansi were very minor during the first four weeks of infection. The neurological sign as indicated by paralysis of the hind quarter was reported in horses [6] and incoordination of the hind quarter was also observed by Yadav et al. [3] . One horse died unexpectedly on the 23
rd DPI in the current study. Despite the pale emaciated carcass of the horse, the cause of death could not be explained as the post-mortem finding of the internal organs was insignificant. However, high parasitaemia accompanied by low PCV value was noticed one day before the animal died, which may explain the severity of the disease as the main cause of death. These findings of the current study are consistent with those of Hörchner et al. [9] who reported the inability of post-mortem findings in determining the cause of death in horses acutely infected with T. evansi. Rapid decline in mean values of RBC counts, PCV and Hb concentrations are observed in infected horses on the 16 th DPI onward. However, these values returned to values similar to that of the control group after treatment. Anaemia has been reported by several authors as main findings of T. evansi infection [20, 14, 21) . A study on T. vivax in Brazil indicated development of anaemia with mortality in some naturally infected horses [22] . The origin of anaemia in animals infected with T. evansi is not well understood. It was speculated that the extra-vascular haemolytic anaemia accompanying T. evansi infection may be attributed to the rapid removal of RBC from the circulation by macrophages as a consequence of an immune-mediated mechanism adopted by T. evansi antigen-antibody complexes [23] . Another possible reason for the anaemia is increased of lipid peroxidation, which may reduce the ability of RBC to prevent its membrane from destruction due to oxidative changes in the acute phase of T. evansi infection [24] . Therefore, the anaemia observed in the local ponies in the current study was not a surprising result.
Despite the significantly elevated values of MCV and the decreased values of MCHC in the infected group in the current study, it is still within the normal range. Pritchard et al. [17] stated the normal range for MCV and MCHC as 43.9-55.6 fl and 331-369 g/L respectively. Therefore, the normocytic normochromic anaemia observed here is consistent with other reports of anaemia in horses and donkeys with trypanosomaisis [7, 21] . In contrast, trypanotolerant sheep and goats from Gambia artificially infected with Trypanosoma congolense revealed a macrocytic hypochromic and normocytic normochromic anaemia respectively, during the acute phase of the infection (12 weeks) [25] . After this period the haematological findings indicated regeneration of erythropoiesis. The author concluded that, both animal species are resistant to the infection. However, the sheep erythropoietic response was better than the goat in controlling anaemia produced by the infection. Thrombocytopenia is clearly seen in this study. The decrease in platelet count is in agreement with Stephen [26] , who explained that the mediated immunological mechanism is responsible for removal of platelets by phagocytes and destroyed in organs such as spleen and liver. In addition, the decrease of platelet count was inversely associated with the successive production of parasites in cattle experimentally infected with Trypanosoma congolense [27] .
No significant difference was observed between the infected and non-infected groups with regard to the mean values of the complete WBC, lymphocyte and basophil counts. However, the total leukocyte and lymphocyte counts initially declined after the infection and thereafter increased in the middle of the infection period. In contrast, a significant increase in monocyte counts and lowered neutrophil and eosinophil counts were seen in the infected group. The trend of leukocyte changes in horses experimentally infected with T. evansi is highly variable [6] . On the other hand, mild leucopoenia due to decline in neutrophil counts with relative lymphocytosis and monocytosis were reported in naturally infected horses with T. evansi [20] . Leucopoenia which observed in some animals infected with trypanosomes may be attributed to the reduction of myelopoiesis as a compensatory response to the exaggerated activity of erythropoiesis as indicated by Weiss and Wardrop [28] .
Monocytosis was reported in artificial infection of T. evansi in horse [14] . The monocytosis observed in this study was probably due to the increase in phagocytic activities induced by T. evansi antigen-antibody complexes. The activation of the mononuclear phagocytic system during the infection in cattle with T. brucei or T. congolense plays a key role in enhancing the monocytes to engulf and digest the sensitised trypanosomes coated by specific IgM or IgG1 antibodies [29] . The neutropoenia observed in the current investigation is in agreement with Ohaeri and Eluwa [18] which suggested a decrease in neutrophil in ruminants infected by trypanosomes was due to exhaustive use of neutrophil as a consequence of inflammation. The decrease in eosinophil counts observed in the infected group was of little interest since normal values for this parameter can even reach zero in healthy horses [17] . However, leucopoenia accompanied with eosinopoenia was observed in dogs experimentally infected with T. brucei [30] and in crossbred calves infected with T. evansi [31] .
Despite the small sample size used in the experimental infection, the dynamics of T. evansi infection in Malaysian local ponies demonstrated that Malaysian ponies are highly susceptible to the infection. The inoculum of 100 parasites/kg body weight established an acute infection of T. evansi with high morbidities and one case of death. Successive peaks of parasitaemia were generated during the infection period, and the animals were unable to suppress it. The main clinical findings were fever, weight loss, successive weakness, reduction of appetite and finally led to death. Furthermore, changes in haematology were noticed as normocytic normochromic anaemia. The treatment regime using diminazene diaceturate at the recommended dose twice at a week's interval successfully treated surviving ponies and the blood haematology parameters returned to the values similar to those in the control group.
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